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Data sharing statement.
InterX Inc. strongly supports reproducibility of scientific results. To this end, InterX Inc. will enable the use of all parameters, binaries and data to validate the Arbalest MD software and to reproduce the results presented here. The enablement will be done in a way that simultaneously preserves the company's intellectual property and proprietary technology (e.g. we may not distribute the source code to Arbalest MD software). InterX will also provide the maximum necessary guidance needed to reproduce the QM data used in this work.
Test of PIMD convergence
To ensure that the 16-bead truncation is sufficient, we simulated Methane at 32 and 64 beads. The figure below shows that the properties of interest -density and heat of vaporization -have sufficiently converged at 16 beads. As this system is simulated at the lowest temperature of all the systems in our work, we can safely conclude that the 16-bead truncation is appropriate for our conclusions. To ensure that the difference in overall mass between CH4 and CF4 does not affect our results, we constructed a fictitious CH4 molecule where the Carbon weighs 84 au. Below are the simulation results and RDFs of the real C12H4 and the fictitious C84H4. As can be seen from the figure below, the volume expansion of the fictitious C84H4 is virtually identical to the real C12H4. We can safely conclude that the COM (center of mass) fluctuations do not significantly contribute to our results. The actual COM contribution is about ~1/9 of total change, which is comparable with statistical errors of simulations. Fig. S2 . Comparison of the molar volume for methane CH4, fictitious mass on methane 88 total amu with C mass 84 and CF4. The volume expressed in (cm3/mol).
Fig. S3.
Percentage change in the molar volume for methane CH4, fictitious mass on methane 88 total amu and CF4. The uncertainty in the calculated percentages is around 1 %. Nevertheless, the small differences in the volume percentages suggests that center of mass fluctuations do play a role in addition to the quantum-like behavior of hydrogens. 
